








































































































































































































































































































































































































Muscle	 Electrode	Placement	 MVE	Action	Pectoralis	major	(clavicular)	 Between	sternoclavicular	joint	and	the	caracoidus	process,	2	cm	below	the	clavicle	(on	an	angle	down	and	laterally).		
With	shoulder	horizontally	abducted	and	externally	rotated	to	90°	and	elbow	flexed	to	90°	(fingers	point	to	ceiling),	horizontal	adduction	is	resisted.	Pectoralis	Major	(Sternal)	 6	cm	above	the	nipple.	 With	shoulder	horizontally	abducted	to	30°	with	elbow	flexed	to	90°,	horizontal	adduction	is	maximally	resisted.	Anterior	Deltoid	 2–4	cm	below	the	clavicle,	parallel	to	muscle	fibres		 With	the	shoulder	flexed	to	90°,	maximally	flex	against	resistance	applied	by	a	research	assistant	Posterior	Deltoid	 2	cm	below	lateral	border	of	scapular	spine,	oblique	angle	toward	arm	(parallel	to	muscle	fibers).	 With	shoulder	abducted	to	90°	and	externally	rotated,	and	elbow	flexed	to	90°	(fingers	point	to	ceiling),	extension	is	resisted	Supraspinatus	 Midpoint	and	2	finger-breadths	superior	to	scapular	spine	 With	shoulder	abducted	5°	and	elbow	extended	(thumb	pointing	up),	abduction	is	maximally	resisted.	Infraspinatus	 Parallel	to	spine	of	scapulae,	approximately	4	cm	below,	over	the	infrascapular	fossa.	 With	arm	at	side	and	elbow	bent	to	90°.	External	rotation	of	the	arm	is	maximally	resisted.	Upper	Trapezius	 2/3	on	the	line	between	the	trigonum	spinae	and	the	8th	thoracic	vertebrae,	4	cm	from	muscle	edge,	at	approximately	a	55°	oblique	angle.	
With	head	turned	to	right	side,	subject	resists	shoulder	abduction	at	90°	with	elbow	extended	(thumb	down	to	floor).	Middle	Trapezius	 Placed	at	50%	of	the	distance	between	the	medial	border	of	the	scapula	and	the	spine,	at	the	level	of	T3,	over	the	muscle	belly		
















































  Climbers Non-climbers p-value 
Sex (M/F) 12M/3F 12M/3F n/a 
Age (yrs) 25(3.6) 24.3 (2.89) 0.793 
Height (m) 1.71(0.08) 1.75(0.075) 0.909 
Mass (kg) 66.9(9.05) 74.71(12.7) 0.096 
Right arm span (m) 0.78(0.09) 0.88(0.04) 0.851 





    p-value     
Intersegmental 
Joint Rotation Time Group  
Interaction 
Time*Group 
Elbow Flexion/Extension *0.0001 *0.0001 1.000 
  Deviation  *0.0001 *0.0001 1.000 
  
Internal/External 
Rotation *0.0001 *0.0001 1.000 
Thoracohumeral Plane of Elevation *0.0001 0.916 1.000 
  Elevation *0.0001 *0.0001 1.000 
  
Internal/External 
Rotation *0.0001 0.991 1.000 
Lumbar Flexion/Extension 0.872 *0.0001 *0.0001 
  
Lateral 
Flexion/Extension *0.0001 *0.0001 0.808 





















  p-value     
Muscle Time Group  Interaction Time*Group 
Anterior Deltoid *0.0001 *0.0001 *0.016 
Posterior Deltoid *0.0001 0.342 1.000 
Biceps Brachii *0.0001 *0.0001 1.000 
Triceps Brachii *0.0001 0.319 1.000 
Infraspinatus *0.0001 *0.0001 0.661 
Supraspinatus *0.0001 0.492 0.986 
Pec Major (Clav) *0.0001 0.464 1.000 
Pec Major (Stern) *0.0001 *0.0001 1.000 
Upper Trap *0.0001 0.664 0.998 
Middle Trap *0.0001 *0.0001 0.594 
Latissimus Dorsi *0.0001 0.885 1.000 





































































































































































Table	7:	A	comparison	of	the	intercept	values	for	the	chimpanzee	equations	and	the	human	equations.	These	values	give	a	sense	of	the	anatomical	realism	of	the	baseline	predictions	of	all	the	equations.			 		 γS	 βS	 αS	 γC	 βC	 αC	
	Intercept	 Chimp	 -3.91	 20.28	 31.83	 -4.2	 -40.52	 67.0	
		 Human	 30.1	 -1.68	 -11.2	 -13.3	 -14.6	 0.411	
4.4.3.2	Between-species	Comparison	of	Shoulder	Rhythm	Robustness	The	fit	of	both	equations	was	assessed	from	r-squared	and	RMS	error	values	(Table	8).		
Table	8:	R-squared	and	RMS	error	values	derived	for	each	of	the	six	chimpanzee	and	human	shoulder	rhythm	equations.	Both	values	give	an	indication	of	the	fit	of	the	equations	between	the	two	species.	
	 	 γS	 βS	 αS	 γC	 βC	 αC	Chimp	 R-squared	 0.47	 0.75	 0.42	 0.57	 0.70	 0.304	
	
RMS	Error	 8.37	 4.03	 3.96	 10.29	 3.94	 14.1	
Human	 R-squared	 0.6	 0.8	 0.82	 0.89	 0.74	 0.84	
	




Regression	Term	 γS	 βS	 αS	 γC	 βC	 αC	Intercept	 0.0001*	 0.001*	 0.0001*	 0.222	 0.003*	 0.0001*	
γTH0	 0.130	 0.749	 0.791	 0.104	 0.714	 0.154	
βTH	 0.053	 0.618	 0.0001*	 0.012*	 0.716	 0.681	
βTH2	 -	 -	 -	 -	 0.045*	 -	
γTH1	 -	 0.646	 0.324	 0.004*	 -	 0.0001*	
γTH0	βTH	 0.770	 -	 -	 -	 -	 -	
βTH	γTH1	 -	 -	 -	 -	 -	 0.891	























































































	 Absolute	PCSA	(cm2)	 Relative	PCSA	to	Body	Mass	(cm2/kg)	 	
Muscle	 Human*		 Chimpanzee*	 Human*	 Chimpanzee	*	
Dorsoepitrochlearis	 n/a	 2.98	 n/a	 0.066	
Deltoid	middle	 7.42	 28.95	 0.103	 0.643	
Deltoid	posterior	 4.29	 11.06	 0.060	 0.246	
Deltoid	anterior	 8.84	 12.10	 0.123	 0.269	
Coracobrachialis	 1.58	 7.85	 0.022	 0.174	
Infraspinatus	1	(upper)	 6.37	 11.08	 0.088	 0.246	
Infraspinatus	2	(lower)	 7.67	 13.34	 0.107	 0.296	
Subscapularis	1	(upper)	 2.83	 11.19	 0.039	 0.249	
Subscapularis	2	(middle)	 3.72	 14.71	 0.052	 0.327	
Subscapularis	3	(lower)	 5.10	 20.17	 0.071	 0.448	
Supraspinatus	 3.15	 19.92	 0.044	 0.443	
Teres	major	 8.48	 12.69	 0.118	 0.282	
Teres	minor	 2.81	 5.48	 0.039	 0.122	
Biceps	(long)	 4.94	 10.10	 0.069	 0.224	
Biceps	(short)	 2.18	 8.06	 0.030	 0.179	
Triceps	(long	head)	 9.98	 15.39	 0.139	 0.342	
Triceps	(medial	head)	 8.98	 24.49	 0.125	 0.544	
Triceps	(lateral	head)	 8.98	 17.09	 0.125	 0.380	
Brachialis	 9.98	 20.43	 0.139	 0.454	








































































  Normalized Muscle Force (%) 
Phase Instance Chimp Human 
Early Support  7.435 26.814 
Left Swing 8.815 16.924 
Late Support 3.159 4.265 
Early Swing  1.027 0.534 
Mid Swing 1.970 1.369 






























































































































































Equation	14:	Calculation	of	absolute	sensitivity	factors	for	an	output	distribution	from	Monte	Carlo	simulations	as	determined	by	perturbation	of	the	mean.		𝑆! = 𝜕𝑝 𝜎!𝜕𝜇!  𝑝	
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Table	15:	The	regression	analysis	outputs	of	r-squared	and	RMS	error	showing	the	strength	of	fit	of	both	sets	of	equations	describing	the	chimpanzee	shoulder	rhythm.				 		 γS	 βS	 αS	 γC	 βC	 αC	
Chimp	 R-squared	 0.47	 0.75	 0.42	 0.57	 0.70	 0.31			 RMS	Error	 8.37	 4.03	 3.96	 10.29	 3.94	 14.1	
Chimp2	 R-squared	 0.76	 0.82	 0.77	 0.79	 0.88	 0.36			 RMS	Error	 5.84	 3.45	 2.64	 7.6	 2.65	 13.53		
Table	16:	A	comparison	of	the	intercept	values	for	the	two	sets	of	chimpanzee	equations	and	the	human	equations.	These	values	give	a	sense	of	the	anatomical	realism	of	the	baseline	predictions	of	all	the	equations.	The	human	data	is	included	to	provide	a	comparative	value.			 		 γS	 βS	 αS	 γC	 βC	 αC	
		 Chimp	 -3.91	 20.28	 31.83	 -4.2	 -40.52	 67.0	
Intercept	 Chimp2	 -120.5	 54.2	 96.6	 32.1	 20.3	 55.3	





Term	 Definition	Climbing	 General	term	describing	any	activity	using	the	hands,	feet	or	other	body	part	to	ascend	a	steep	object.	Inclusive	of	vertical	and	horizontal	tree	climbing,	rock	and	wall	climbing,	bouldering.		Arboreal	 A	generic	term	describing	primate	locomotor	behaviors	in	trees.	Inclusive	of	vertical	and	horizontal	climbing,	as	well	as	hanging	and	suspensory	behaviors.		Brachiation	 Arm	swinging.	A	type	of	arboreal	locomotion	using	only	the	upper	extremity	to	swing	from	supports.			Bimanual	Climbing/Horizontal	bimanual	arm	suspension	climbing	
Refers	specifically	to	the	task	examined	in	the	present	study.	A	simulated	horizontal	climbing	task	performed	across	a	set	of	equally	spaced	rungs.			
						
